I. INTRODUCTION
A prototype thin superconducting solenoid magnet was developed to verify technical feasibility of the SDC thin superconducting solenoid magnet, which was planned to be built in the SSC project [1]-[21. The SDC solenoid was required to provide 2 T in a room temperature bore of 3.4 m $ x 8.8 m with an overall magnet-wall transparency of 1.2 radiation length (Xo) in the transverse (radial) direction. The net coil transparency should be 1 Xo or less. In terms of electromagnetic force, the SDC solenoid was required to sustain under a radially internal pressure of 1. 6 MPa and an axial compression of 13 MN because of iron yoke locating far (0.6m) from the coil end. To meet those requirements, the following technical advances have been intended. E M ratio of 7.5 kJk~ A ratio of stored energy of the magnet to the effective cold mass was considered [3] . A ratio of 7.5 kJ/kg extended from the -5 W/kg in existing thin solenoids was taken with allowing the averaged coil temperature rise up to 75 K, even in case of full energy dump into the coil. It is simply explained by using enthalpy, H, as follows [2] : Fast Oue nch ProDacrat ion; Reliable and fast quench propagation with homogeneous energy dump is important in order to eliminate excessive temperature after quench. It has been realized by using a technique of "pure-aluminum strip quench propagator" to enhance relative, transverse quench velocity up to a level of 10-l and the peak temperature in the coil may be suppressed below 100 K. The concept is understood by using a simple relation of relative transverse quench velocity (v) and thermal conductivity Q, as follows:
Isgmid/Ho nevcomb Vacuum Vessel; This approach has been very effective to save wall thickness of outer vacuum vessel by a factor 2 -4 depending on the design condition. R&D for large scale fabrication has been successfully made.
The prototype magnet design was optimized with a full diameter of 3.84 m and with an axial length of 1.9 m at 1/4 length of the detector solenoid. The maximum current was determined to be extended up to 12,000 A, corresponding to 150 %I of the operational current of the detector solenoid. It has enabled to realize more than equivalent than the technical goals described above and to verify the detector soleonid feasibility. Major parameters of the prototype magnet are summarized in Table1 in comparison with design parameters of the detector solenoid. 
II. FABRICATION OF THE PROTOTYPE SOLENOID
The prototype magnet was developed in a joint effort between Japan and the U.S. The superconducting coil was developed by KEK in cooperation with Toshiba [5] . The "isogrid" vacuum vessel was developed by Fermilab and SSCL in cooperation with PS Associates and Armro Fabricating Corp [6] . A complementary effort to study feasibility of a brazed Al-honeycomb vessel was carried out by KEK in cooperation with IHI [71. Fig. 1 shows a cross section of the axial end of the coil and cryostat. The aluminum stabilized superconductor was wound on inner surface of the outer support cylinder made of high strength aluminum alloy (A5083) by using inncr winding technique. The coil is surrounded by LN2 radiation shield and installed into the vacuum vessel. The outer vacuum vessel was fabricated by using "isogrid shell". Fig. 2 shows a cross section of the coil made in practice winding. The inter-turn insulation of 0.2" was made by using Bstaged epoxy/glass/Upilex tape. The ground insulation 0.2" was made by using glass-fiber-reinforced support cylindcr. Thc purc aluminum strip quench
propagator with a lhickncss of 1 mm was placed on inner surfacc of thc coil. Thc coil was curcd at 130 degree C for a duration of 10 hours. Fig. 3 shows the prototype coil complclcd. Thc purc aluminum strips is seen on inner surface of rhc coil, and rhc cooling tube of forced flow of 24) hclium is sccn ouLGdc thc support cylinder. Fig. 4 . shows the prolotypc solenoid magnct prcparcd to be tested in an cxpcriincntal hall a t KEK. -
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III. PERFORMANCE TESTS
The first gcncral performance test have been carried oui at KEK in early 1994. The second test was carried after a period of six months including another thermal cycling.
A. Cooling nnd Cryogenic Characteristics
Thc magnct was cooled-down by using a helium rcfrigcrator with a hclium mass flow rate of 20 g/s and with a cooling spccd of 3 Khr. The temperaturc diffcrence in the coil was kcpt to bc c 40 K. The magnet was cooled down to 4 .2 K during 4 days. The cryogenic characteristics in stcady state at 4.6-4.7K are summarized in Table 11 and in [81.
B. Excitation and mechanical characteristics
Normal cxcitation tests successfully reached to thc maximum currcnt of 12,000 A corresponding to 150 % of the nominal excitation compared with the detector solenoid design as shown in Fig. 5 . An E/M ratio of 9.6 W/kg was realizcd at 12,000 A in steady state. The mechanical stability of aluminum slabilizcd superconductor was evaluatcd by using strain gaugcs placed on outer surface of the outcr support cylindcr. Fig. 6 shows excitation depcndcncc on thc hoop strain according to repeated excitation cycle from 0 A to 8,000 A and to 12,000 A in several steps. An integrated hoop strain of 1,090 micro-strains (point A) was measured at 12,000 A and a pcrmanent elongation of 210 micro-strains was obscrvcd artcr discharging to 0 A (point B). Fig. 7 shows stress strain curve of thc aluminum stabilized superconductor (mcasurcd at 77 K) and overwritten cxcitation dependcnce of the measured strain gauge on the outer support cylindcr. It has been understood that aluminum stabilizcd supcrconductor was slightly yieldcd according to thc cxcitation up to a strain level of 0.11% and linearly back to a negative value at 0 A. As a result of permanent elongation during excitation, a compressive prestress was gcncratcd inside the conductor at 0 A. It has remained in further excitations, and helped to keep elastic condition in furlhcr excitation up to 12,000 A.
In the second performance test, the magnet was excited up to 11,600 A and it was confirmed that the prestress was rcmaining and thc coil was remaining in elastic condition.
A gcncral supcrconductor performance in terms of critical current vcrsus critical tempcrature was measured by stopping helium mass flow and by raising the coil temperature with keeping the current. As a typical result at I = 10,000 A, the magnct qucnchcd at 6.35 K and the expected superconductor pcrformance was verified. Fig. 8 shows decay current and temperatures inside the coil and outside the support cylinder. A calculation by using QUENCH code was also shown [9] . The measured result of the coil peak temperature is reasonably consistent with the calculation. On the other hand, the fraction of the energy dump in the support cylinder was much smaller than that expected, and the net energy dump ratio to the coil mass, excluding the support cylinder, was > lOkJ/kg. More analysis is being carried out.
V. SUMMARY The SDC prototype magnet was successfully excited up to the maximum current of 12,000 A with keeping a mechanical stability. The integrated hoop strain of 0.1 % and a permanent elongation within a level of 0.02% under the maximum share stress of 66 MPa in the conductor. In further excitation, the magnet has shown elastic characteristics , even after aperiod of six months and a thermal cycling.
The E/M ratio of 9.6 kJ/kg was successfully realized in the full excitation. The EM ratio of >8 kJ/kg was safely dumped into the coil without excessive temperature rise beyond 100 K. Fig. 9 shows the E/M ratio achieved in the SDC prototype solenoid in comparison with other thin solenoids used in various high-energy physics laboratories [3] . The successful achievement in the SDC prototype solenoid has verified a possible magnet design with E M > 8 kJ/kg in the practical application, and feasibility .of the magnet with E/M > 10 H/kg in future applications.
